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Claim 

A magnetic recording medium characterized by the fact that in the magnetic recording 
medium having a magnetic coating material coated on a nonmagnetic support, a polyurethane 
resin, which has an average molecular weight of 20,000-30,000 and tertiary hydroxyl groups at 
the positions other than the two ends of the main chain and is obtained from a mixture of 
butylene adipate and tertiary alcohol as well as 4,4 -diphenyl methane diisocyanate, as well as 
nitrocellulose and an isocyanate compound with a low molecular weight are contained as the 
binder components for the magnetic layer. 
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Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a magnetic recording medium with excellent 
dispersibility of magnetic powder, such as carbon black or AI2O3 (aluminum oxide), and 
excellent durability of the magnetic layer. 

Prior art 

Audio tape, video tape, flexible disk, and other magnetic recording media are 
manufactured by coating a magnetic coating material comprised of magnetic powder, binder, 
solvent, as well as dispersant, lubricant, antistatic agent, grinding agent and other additives on a 
nonmagnetic support made of polyester film, etc. to form a magnetic layer. In recent years, 
however, there has been demand on excellent electromagnetic converting characteristics in 
company with the development of high-density magnetic recording media and demand on 
excellent reliability against long time of operation under severe conditions, such as high 
temperature and high humidity or low temperature and low humidity. 

To meet this demand, a binder, which can realize excellent dispersibility for the magnetic 
powder and excellent reproduced signal dispersion, rewriting, and other electromagnetic 
converting characteristics and has excellent durability, such as abrasion resistance, is required. 

There have been various studies on this type of binder. One example is the proposal of . 
the combination of polyurethane resin and vinyl chloride - vinyl acetate - vinyl alcohol 
copolymer. 

If polyurethane resin is used alone, the dispersibility with the magnetic powder is low, 
while the durability is relatively good. If the vinyl chloride - vinyl acetate - vinyl alcohol 
copolymer is used alone, although the dispersibility with the magnetic powder is excellent, the 
flexibility of the magnetic layer is not good enough. Therefore, two binders are used together. 

However, this combination of two binders is not good enough when both excellent 
dispersibility and durability are required. 

Objective of the invention 

The objective of the present invention is to solve the aforementioned problem by 
providing a type of magnetic recording medium, especially, flexible disk with excellent 
dispersibility of magnetic powder, such as carbon black or AI2O3 (aluminum oxide), and 
excellent durability of the magnetic layer. 
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Constitution of the invention 

The present invention provides a magnetic recording medium characterized by containing 
a polyurethane resin, which has an average molecular weight of 20,000-30,000 and tertiary 
hydroxyl groups at the positions other than the two ends of the main chain and is obtained from 
the reaction between a mixture of butylene adipate and tertiary alcohol as well as 4,4'-diphenyl 
methane diisocyanate, as well as nitrocellulose and an isocyanate compound with a low 
molecular weight as the binder components for the magnetic layer. 

Operation and Effect 

Since the binder of the magnetic coating material used in the present invention contains a 
polyurethane resin having tertiary hydroxyl groups at positions other than the two ends of the 
main chain, the affinity with the magnetic powder is increased. Also, there is no color coding 
occurring in the carbon black, AI2O3, or other coating material, and the dispersibility can be 
improved. 

Also, since nitrocellulose and isocyanate with low molecular weight are contained, the 
magnetic layer is provided with an appropriate degree of flexibility, and a magnetic layer with 
high durability against long time operation under severe conditions, such as high temperature and 
high humidity or low temperature and low humidity, can be formed. 

The polyurethane resin used in the present invention is a polyurethane resin having an 
average molecular weight of 20,000-30,000 and tertiary hydroxyl groups at the positions other 
than the two ends of the main chain and obtained by reacting 4,4'-diphenyl methane diisocyanate 
as an organic diisocyanate with a mixture prepared by mixing l,2,3-hydroxy-2-methyl-propane, 
1,2,3-hydroxy-ethyl-propane, l,2,5-hydroxy-2-methyl-propane, or other tertiary alcohol with a 
butylene adipate obtained by performing condensation polymerization for adipic acid and 
1,4-butylene glycol. 

The amount x of the hydroxyl groups at the positions other than the two ends of the 
polyurethane resin used in the present invention is preferred to be in the range of 
0 < X < 0.025 mmol/gr. If the amount is more than 0.025 mmol/gr, although the dispersibility of 
the magnetic powder can be increased, the modulation becomes large, which is undesired for 
flexible disk. Also, when crosslinking with the isocyanate compound with low molecular weight 
is performed, the magnetic layer will be cured on the contrary to deteriorate the durability. In 
addition if carbon black, AI2O3, or other additives with poor dispersibility are contained, color 
coding phenomenon tends to occur for the carbon black, AI2O3, etc., in the coating material. 

The average molecular weight of the polyurethane resin used in the present invention is 
preferred to be in the range of 20,000-30,000. If the average molecular weight is smaller than 
20,000, although the dispersibility of the magnetic powder is excellent, the abrasion resistance of 



the magnetic layer becomes poor, which deteriorates the stability during long time operation. If 
the average molecular weight is larger than 30,000, although the abrasion resistance of the 
magnetic layer is improved, the dispersibility of the magnetic powder becomes poor. 

Any nitrocellulose can be used in the present invention as long as its average 
polymerization degree and nitrogen content are in the ranges of 35-110 and 10.7-12.2% (average 
substitution degree: 1.9-2.3), respectively. Examples of the commercially available nitrocellulose 
that can be used include fflG 1/6, fflG 1/8, HIG >/4, fflG V2, fflG 1, as well as LIG 1/8, LIG 14, 
LIG V2 produced by Asahi Chemical Industry Co., Ltd., or RS 1/16, RS 1/8, RS Vi, RS Vi, as well 
as S 1/8, SS 14, SS V2 produced by Daicel Chemical Industry Co., Ltd.. 

Examples of the isocyanate compounds with low molecular weight that can be used in the 
present invention include 2,4-tolylene diisocyanate, 2,6- tolylene diisocyanate, 4,4 -diphenyl 
methane diisocyanate, hexamethylene diisocyanate, lysine diisocyanate, isoholodiisocyanate, 
xylene diisocyanate, and other diisocyanates, as well as the tertiary functional isocyanate 
compounds with low molecular weight obtained by reacting 3 mol of the aforementioned 
diisocyanates with 1 mol of triol. Most of the conmiercially available products can be used. 

Examples include Coronate L, Coronate HL, Coronate 2036, Coronate 2014, Coronate 
3015, Coronate 3030 produced by Nippon Polyurethane Co., Ltd., Dismodule L, Dismodule 14, 
Sumidule L, Sumidule T80 produced by Sumitomo Bayer Co., Ltd., Takenate D102, Takenate 
D103, Takenate D103H, Takenate M402, Takenate M403, Takenate M408 produced by Takeda 
Chemical Industries, Ltd., and Krisvon UX, Krivon CL-2 produced by Dainippon Ink Chemical 
Co., Ltd. 

The ratio of the polyurethane resin, which has an average molecular weight of 
20,000-30000 and tertiary hydroxyl groups at the positions other than the two ends of the main 
chain and is obtained from a mixture of butylene adipate and tertiary alcohol as well as 
4,4'-diphenyl methane diisocyanate, to the nitrocellulose used in the present invention is 
preferred to be in the range of 8/2-4/6 in weight ratio. If the ratio is out of this range, the 
magnetic layer will not have the flexibility suitable for flexible disk. 

The amount of the isocyanate compound with low molecular weight added is preferred to 
be in the range of 10-30 wt% with respect to the total amount of the aforementioned binder 
components. If the amount is too small, the effect of the present invention cannot be realized. If 
the amount is too large, the dispersibility of the magnetic powder will be deteriorated. 

Examples of the magnetic powder that can be used in the present invention include 
Y-Fe203 powder, Co coated y-FcaOs power or other regular magnetic powders. 

As the organic solvent, it is preferred to use a mixture of at least two types selected from 
acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexane, and other ketones, methyl 
acetate, ethyl acetate, butyl acetate, and other esters, benzene, toluene, xylene, and other 
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aromatic hydrocarbons, methyl chloride, ethylene chloride, carbon tetrachloride, and other 
hydrocarbon chlorides 

If necessary, dispersant, lubricant, abrasion agent, antistatic agent, etc. can also be added. 

The magnetic recording medium of the present invention can be manufactured using the 
conventional method. That is, a magnetic coating material containing the aforementioned 
magnetic powder, binder components, solvent, and various types of additives as demanded is 
coated on a nonmagnetic support made of polyester terephthalate, etc. using a conventional 
method to form a magnetic layer. 

In the following, application examples of the present invention will be explained. 

Application Example 1 

Magnetic powder: Y-Fe203 (aspect ratio: 8, average particle size: 0.45) HC = 3000 e - 7 2 

parts 

Binder: polyurethane resin (average molecular weight: 25000, amount of hydroxyl 
groups at positions other than two ends: 0.02 mmol/gr) - 18 parts 
Nitrocellulose: 10 parts 

Isocyanate with low molecular weight: Coronate L (product of Nippon Polyurethane 
K.K.)-5parts 

Dispersant and lubricant: Stearic acid - 0.5 part 

Butyl ester stearate - 1.5 parts 

Tridecyl stearate - 1.5 parts 
Antistatic agent: Carbon black (average particle size: 30 mjiim) - 4 parts 
Polishing agent: AI2O3 (average particle size: 0.5 |im) - 2 parts 
Solvent: MEK/toluene/cyclohexanone - 60/60/60 parts 

The aforementioned composition was mixed and dispersed using a sand mill for 2 h to 
prepare a magnetic coating material. Then, the magnetic coating material was coated on a 
75-^im-thick support made of polyester terephthalate, followed by drying to form a 2 ^m thick 
magnetic layer. After that, the magnetic layer was punched into disk with an outer diameter of 
130 mm to form a sample. 

A pplication Example 2 

A sample was formed in the same way as described in Application Example 1 except that 
the Y-Fe203 was substituted with Co-y FeiOs (aspect ratio: 10, average particle size: 0.35, He = 
650 De). 
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Comparative Example 1 

A sample was formed in the same way as described in Application Example 1 except that 
the polyurethane resin used in Application Example 1 was substituted with a polyurethane resin 
having no tertiary hydroxyl group at positions other than the two ends of the main chain. 

Comparative Example 2 

A sample was formed in the same way as described in Application Example 1 except that 
the polyurethane resin used in Application Example 1 was substituted with a polyurethane resin 
containing 0.04 mmol/gr of tertiary hydroxyl groups at positions other than the two ends of the 
main chain. 

Comparative Example 3 

A sample was formed in the same way as described in Application Example 1 except that 
the average molecular weight of the polyurethane resin used in Application Example 1 was 
changed to 40,000. 

The following tests were carried out for the samples obtained in the application examples 
and comparative examples. 

<Color coding phenomenon of the coating material> 

The coating material prepared using the sand mill was sampled in a mess cylinder. After 
the sample was left to stand for 5 h, its state was observed visually. In the meantime, the 
composition of the carbon black, AI2O3 in the upper and lower parts of the coating material was 
analyzed. 

<Dispersion of reproduced output signals> 

The obtained sample was inserted into a jacket. In a magnetic recording/playback tester, 
signals of 125 kHz were recorded on a specific track <00 track>. The dispersion in all of the 
reproduced output signals at that time was measured. 

<Modulation> 

The obtained sample was inserted into a jacket. In a magnetic recording/playback tester, 
signals of 125 kHz were recorded on a specific track <00 track>. Modulation was measured as 
follows. 

A-B/A+B x 100 (%) 

A: Average reproduced output signal of about 2000 magnetic flux reversals including the 
maximum reproduced output signal among 1 circle of the specific track 
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B: Average reproduced output signal of about 2000 magnetic flux reversals including the 
minimum reproduced output signal among 1 circle of the specific track 

<Durability test> 

The obtained sample was inserted into a jacket. In a magnetic recording/playback tester, 
signals of 125 kHz were recorded. Under the test environmental conditions of 50^C, 80% RH, 
5°C, 30% RH, the variation in the reproduced output signal over time was read while the sample 
was brought to contact with the magnetic head. The time until the reproduced output signal 
became 80% of the initial reproduced output signal was measured. 

The obtained results are listed in Table 1. 

As can be seen from the table, for the samples prepared according to the present 
invention, no color coding phenomenon occurs in the coating material of carbon black, AI2O3, 
etc. Excellent electromagnetic converting characteristics with low dispersion in reproduced 
output signal and low modulation can be obtained. Also, the binder shows excellent durability 
against long time operation under severe conditions, such as high temperature and high humidity 
or low temperature and low humidity. 
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